1. Introduction
===============

Skin squamous cell carcinoma (SCC) is the most common skin tumor in China,^\[[@R1],[@R2]\]^ which accounts for about 80% to 90% of the malignant tumors of the skin, and its incidence is increasing year by year, especially among the elderly. The 5-year survival rate of metastatic SCC is only 14%. This type of cancer has a high degree of malignancy, and there is no effective nonoperative treatment at present, even if the operation has a high recurrence rate. Since SCC is characterized by early metastasis and rapid progress, most patients are often diffused and metastasized before diagnosis, and SCC with metastatic and progressing are not sensitive to conventional treatment such as radiotherapy and chemotherapy.^\[[@R3],[@R4]\]^

Tripartite motif (TRIM) protein family, also known as the RBCC family, has more than 70 protein molecules.^\[[@R5]\]^ TRIM family proteins play E3 ubiquitin ligase function,^\[[@R6]\]^ which play an important role in the physiological processes such as natural immune response, cell differentiation, transcription regulation, cytoskeleton remodeling, development, cell cycle, and apoptosis, DNA damage repair and other physiological processes. The abnormality of TRIM family proteins or genes plays a key role in the development of cancer by regulating gene expression, cell proliferation, DNA damage repair, and apoptosis.^\[[@R7],[@R8]\]^ Tripartite motif-containing protein 44 (TRIM44) has been identified as a member of TRIM protein family. Several studies showed that TRIM44 plays an important role in the development and progression of some human cancers, such as lung cancer, endometrial carcinoma, and hepatocelluar carcinoma.^\[[@R9],[@R10],[@R11]\]^ However, so far, the correlation between TRIM44 expression and the prognosis of postoperative patients exhibiting SCC remain largely unknown.

Therefore, this study aimed to investigate the clinical significance of TRIM44 expression in SCC patients and to further determine whether TRIM44 could be used as a biomarker to predict metastasis and prognosis in SCC patients.

2. Patients and controls
========================

Skin squamous carcinoma tissues were collected from 30 patients who received surgical resection in the First People\'s Hospital of Yancheng City, Yancheng, China from 2010 to 2015 and had been diagnosed by pathological confirmation.

Clinicopathological information of each case was recorded. None of them received preoperative chemotherapy or radiotherapy. Cancer patients included 17 males and 13 females (age 54.2--10.5 years, mean age of 59 years). According to Broders' pathological grading criteria for SCC, 8 cases were grade I, 13 cases were grade II, and 9 cases were grade III. Normal tissue specimens were collected by surgical resection from 10 individuals to serve as a control group (age 48.5--10.6 years, mean age of 55 years). No statistically significant difference was detected in age or gender between the 2 groups.

This study was approved by the Ethical Review Committee of the First People\'s Hospital of Yancheng City and consent form was obtained from each patient (Identification No. HMU (Ethics) 20121103). Informed consent was obtained from all individual participants included in the study.

2.1. Immunohistochemical staining techniques
--------------------------------------------

The immunohistochemical (IHC) staining method from Agilent Technologies, Inc. (Santa Clara, CA) was used to detect the distribution of TRIM44.

IHC procedures were performed in strict accordance with the manufacturer\'s instructions. The Envision and DAB chromogenic reagent kit (Agilent Technologies, Inc.) were used for IHC staining. All staining was performed under the same conditions; the tissue samples were sliced to a thickness of 2 to 3 μm, dehydrated in 80%, 90%, 95%, and 100% ethanol, dewaxed and antigen repair was performed using 0.01 mol/L citric acid (pH 6.0). Normal goat serum (Toyobo Co., Ltd., Osaka, China) was dropped onto the slide and incubation for 10 minutes at room temperature was performed. Subsequently, the corresponding specific antibody (anti-TRIM44 antibody (1:100; Novus Biologicals, Santa Cruz, CA) was added to the slide and incubated for 1.5 hours at room temperature. The slides were washed with phosphate-buffered saline (PBS) for 3 minutes 3 times. The secondary antibody (1:100; Novus Biologicals) was added and incubated for 30 minutes at room temperature. The slide was stained with DAB, and the nucleus was stained with hematoxylin, dehydrated using a gradient of ethanol, cleared with xylene, and sealed using natural gum. A known positive section reagent, which was supplied by Novus Biologicals, Santa Cruz. (TRIM44; 1:100), served as a positive control, and the specific antibodies were replaced with PBS to serve as the negative control.

The IHC results were determined by 3 pathologists, who observed the positive granule-stained cells in the SCC tissue samples and the adjacent healthy skin tissue using a BH-2 light microscope (Olympus Corporation, Tokyo, Japan). The staining score criteria were as follows: 0, 0% to 15%; 1, \>15% to 30%; 2, \> 30% to 45%; 3, \>45%. According to the staining intensity for semi-quantitative determination, colorless was 0 and 3 (strong staining) was brown. The final staining score of a sample was determined as the product of the positive cell percentage score and the staining intensity score. Staining score \<2, negative (−); staining score 2 to 4 points, weakly positive (+); staining score, 4 to 6 points, positive (+ +); staining score ≥6 points, strong positive (+ + +). For the convenience of statistical analysis of the data, the (−) group was defined as the negative expression group (−), and the (+), (+ +), and (+ + +) groups were designated as the positive expression group (+).

2.2. Detection the expression of TRIM44 mRNA by real-time PCR
-------------------------------------------------------------

According to the manufacturer\'s instructions,total RNA was extracted by using Trizol Reagent (Sangon Biotech Co., Ltd., Shanghai, China) and quantified using a Nandrop spectrophotometer. RNA (2 μg) was reverse transcribed to cDNA according to the Titanium One-Step reverse transcriptase-polymerase chain reaction (RT-PCR) kit (Takara Biotechnology Co., Ltd., Dalian, China), and was amplified by semi-quantitative PCR with β-actin serving as the reference. The primer sequences (Sangon Biotech Co., Ltd.) are presented in Table [1](#T1){ref-type="table"}. The thermal cycling conditions were as follows: predenaturation at 94 °C for 4 minutes; 30 cycles of 94 °C for 10 seconds, 55 °C for 30 seconds, and 72 °C for 60 seconds.

###### 

Primer sequences for reverse transcription-polymerase chain reaction analysis.
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Amplification of TRIM44 by PCR was examined by agarose gel electrophoresis and analyzed using Quantity One version 3 software (Bio-Rad Laboratories, Inc., Hercules, CA). The absorbance value of the belt and the reference were read, and the results were expressed as a ratio (sample value/reference value).

When the ratio of the SCC value and reference value was greater than the β-actin reference value, it was expressed positively. Otherwise, it was considered to be negative.

2.3. Detection of the expression of TRIM44 protein by using Western blot
------------------------------------------------------------------------

The frozen specimens stored at 70 degrees were ground into liquid powder under liquid nitrogen. Cellular protein was measured by using BCA kit (Thermo). Fifteen microgram protein sample was sperated by 10% SDS-PAGE and electrotransferred to PVDF membrane (Millipore). The membrane was blocked with 5% non-fat milk at room temperature for 1hour. Then it was washed in TBST for 5 times (5 min/time). The first antibody of TRIM44 antibody (1: 300; Novus Biologicals)) and β-actin (1:1000) (Cell Signaling Technologies company) were added on the membrane, it was incubated at 4 °C overnight. It was washed by TBST for 3 times (5 min/time) again. The second antibody was added on the membrane, and shook for 1 hour at room temperature. Then it was washed by TBST for 3 times (5 min/time). It was imaged by ECL imaging system. The average gray value of TRIM44 protein band was analyzed by gel software. The β-actin protein as an internal standard and statistical analysis by the ratio of TRIM44 protein and β-actin respectively as the relative expression quantity.

2.4. Statistical methods
------------------------

A statistical analysis was performed by using the SPSS 13.0 statistical software package. Data are given as mean and standard deviation (Mean ± SD). The χ^2^ test was used to compare the distribution of TRIM44 between SCC tissues and normal skin tissues. *P* \<.05 was defined as statistically significant. Survival analyses were performed using the Kaplan--Meier method and log-rank test. Cox proportional-hazards regression was performed for multivariate analysis of prognostic predictors.

3. Results
==========

3.1. Expression of TRIM44 protein and TRIM44 mRNA in SCC tissues and normal skin tissues
----------------------------------------------------------------------------------------

In order to investigate the expression of TRIM44 protein and mRNA in SCC tissues and normal skin tissues, IHC was performed and the result showed that the positive rate of TRIM44 staining in SCC tissues 26.00% (9/30), while the positive rate of normal control group was 83.33% (25/30). The positive rate of TRIM44 staining in SCC tissues is significantly lower than normal skin tissue (*P* \<.01; Fig. [1](#F1){ref-type="fig"}).

![Expression of TRIM44 protein in SCC tissues and normal skin tissues. a: High expression of TRIM44 in normal tissues; b: Low expression of TRIM44 in SCC tissues. c: The positive rate of TRIM44 staining in SCC tissues is significantly lower than normal skin tissue. ^∗^*P* \<.01. SCC = skin squamous cell carcinoma, TRIM44 = tripartite motif-containing protein 44.](medi-97-e13021-g002){#F1}

RT-PCR showed that the positive rates of TRIM44 mRNA expression in SCC tissues were 16.67% (5/30), but the positive rate of normal control group was 86.67% (26/30). TRIM44 mRNA expression in SCC group were significantly lower than that in the normal group (*P* \<.01; Fig. [2](#F2){ref-type="fig"}).

![Expression of TRIM44 mRNA in SCC tissues and normal skin tissues. a: High expression of TRIM44 mRNA in normal tissues and Low expression of TRIM44mRNA in SCC tissues; b:The positive rate of TRIM44 mRNA in SCC tissues is significantly lower than normal skin tissue. ^∗^*P* \<.01. SCC = skin squamous cell carcinoma, TRIM44 = tripartite motif-containing protein 44.](medi-97-e13021-g003){#F2}

3.2. Association between the expression level of TRIM44 and the overall survival of postoperative patients with SCC
-------------------------------------------------------------------------------------------------------------------

The overall survival of patients with SCC who were high expression for the TRIM44 protein was 22.20 ± 2.45 months. The overall survival patients with SCC who were low expression for the TRIM44 protein was 12.25 ± 2.35 months. Based on Kaplan--Meier survival analysis, low expression was associated with poor overall survival in SCC patients (*P* =.004, Fig. [3](#F3){ref-type="fig"}; Table [2](#T2){ref-type="table"}).

![Kaplan-Meier analysis of overall survival related to the expression of TRIM44. Patients with low expression of TRIM44 had a poorer prognosis than those of patients with high expression of TRIM44. *P* =.004. SCC = skin squamous cell carcinoma, TRIM44 = tripartite motif-containing protein 44.](medi-97-e13021-g004){#F3}

###### 

Univariate survival analysis of overall survival in SCC.
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Multi-factor survival analysis indicated that both low TRIM44 expression and tumor stage were independent factors affecting the overall survival of patients with SCC (*P* =.038 and *P* =.001, respectively). Additionally, tumor invasion depth, lymph node metastasis and tumor differentiation (high, moderate, and poor) were not identified as independent factors affecting the overall survival of patients with SCC (all *P* \>.05) (Table [3](#T3){ref-type="table"}).

###### 

Multivariate survival analysis of overall survival in SCC.
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3.3. Association between the expression levels of TRIM44 protein and TRIM44 mRNA in different pathological types of SCC
-----------------------------------------------------------------------------------------------------------------------

Compared with the control group, the expression levels of both TRIM44 protein and TRIM44 mRNA in SCC tissues were low. The expression tendency for TRIM44 protein and TRIM44 mRNA in SCC tissues is consistent. We further studied the association between the expression levels of TRIM44 protein and TRIM44 mRNA in different pathological types of SCC. The result for showed that low expression of TRIM44 in SCC was not associated with sex, age, tumor diameter, or degree of tumor differentiation (all *P* \>.05), but was associated with staging (*P* =.009 and *P* =.008, respectively) and metastasis (*P* =.003 and *P* =.004, respectively) (Table [4](#T4){ref-type="table"}).

###### 

Correlation of TRIM44 protein and mRNA expression levels with clinicopathological features in SCC.
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4. Discussion
=============

This is the first detailed report demonstrating that the levels of TRIM44 protein and TRIM44 mRNA in SCC are lowly expressed, which is strongly associated with tumor staging, metastasis and poor survival. And it also is an independent factor affecting the overall survival of patients with SCC.

Previous studies have demonstrated the particularly complicated processes involved in the occurrence and development of tumors,^\[[@R12],[@R13]\]^ which may be caused by the regulation of cell growth and proliferation.^\[[@R14]\]^ In addition, abnormal expression of tumor-associated genes may be involved.^\[[@R15],[@R16]\]^ Cell growth and proliferation in the human body are affected and controlled by numerous factors.^\[[@R17],[@R18]\]^ Notably, cell signaling proteins, growth factors and their receptors, apoptotic proteins and transcription factors, and the changes of these factors are closely associated with the occurrence and development of tumors.^\[[@R19]\]^ TRIM proteins are a large family of proteins that have been implicated in many biological processes including cell differentiation, apoptosis, transcriptional regulation, and signaling pathways.

Recent studies have demonstrated the expression levels changes and a multifaceted role of TRIM44 in cancer progression.^\[[@R20]\]^ However, its correlation with the prognosis of postoperative patients exhibiting SCC remains unclear. In this study, IHC and RT-PCR revealed that both the TRIM44 protein and TRIM44 mRNA expression levels in SCC group were significantly lower than in normal skin tissue. This is not consistent with the result from Li P et al.^\[[@R21]\]^ We think that the reason may be related to the different mechanisms of tumor in different parts and also the mechanisms of cancer are not the same.

Ong et al^\[[@R22]\]^ showed that TRIM44 is associated with OS in patients with esophageal adenocarcinoma and can be an independent factor affecting the overall survival of patients. In our study, Kaplan--Meier survival analysis showed that low expression was associated with poor overall survival in SCC patients. Meanwhile, Multi factor survival indicated that both low TRIM44 expression and tumor stage were independent factors affecting the overall survival of patients with SCC, which is consistent with the result from Ong et al.

Zhu et al^\[[@R23]\]^ demonstrated that high expression of TRIM44 can enhance proliferation, migration, invasion, and resistance to doxorubicin in hepatocellular carcinoma. In this study, we also studied the association between the expression levels of TRIM44 protein and TRIM44 mRNA in different pathological types of SCC. We found that low expression of TRIM44 in SCC was not associated with sex, age, tumor diameter, or degree of tumor differentiation, but was associated with staging and metastasis, which is also consistent with the result from Zhu et al.

A limitation of the present study was the relatively small sample size, lacked of further validation at animal level and cell level. The study was performed but all the patients are from 1 region only. However, studies in other regions have not yet been reported, and this is the first studies addressing TRIM44 expression in SCC.

In conclusion, the present study showed that low expression of TRIM44 is significantly correlated with poor prognosis in patients with SCC. It could be an independent factor affecting the overall survival of patients with SCC. TRIM44 may serve as a prognostic marker for predicting poor prognoses for patients with SCC.

However, further studies would provide a better test of this conclusion.
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